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(57) ABSTRACT

A cylinder liner sealing arrangement for an internal com-
bustion engine including a cylinder block having cylinder
bores, a cylinder head, a cylinder liner within each cylinder
bore and a circumferential cut-out formed in the upper and
outer surfaces of the cylinder liner. A circular sealing ring is
positioned in the circumferential cut-out with the sealing
ring contacting at least the cylinder block and the cylinder
liner to form a coolant seal therebetween. The sealing ring
includes a seal enhancing configuration formed on at least an
outer circumferential surface of the sealing ring with the seal
enhancing configuration including at least one of an arcuate
portion of a “D” ring seal or a plurality of circumferentially
extending ribs. Replacing the cylinder liner seal includes
removing the cylinder head while maintaining the position
of the cylinder liner within the respective cylinder bore,
removing an upper liner seal from within the circumferential
cut-out while maintaining the position of the cylinder liner
within the cylinder bore, positioning a replacement sealing
ring in the circumferential cut-out while maintaining the
position of the cylinder liner within the cylinder bore and
replacing the cylinder head on the cylinder block of the
engine.

16 Claims, 10 Drawing Sheets
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1
CYLINDER LINER SEAL ARRANGEMENT
AND METHOD OF PROVIDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/197,197, filed on Aug. 3, 2011, issued on
Dec. 10, 2013 as U.S. Pat. No. 8,601,995. The disclosure of
U.S. patent application Ser. No. 13/197,197 is expressly
incorporated by reference herein in its entirety.

TECHNICAL FIELD

The present invention generally relates to a cylinder liner
seal of an internal combustion engine. More particularly, the
present invention relates to a press-in-place and easily
maintained cylinder liner seal for preventing the passage of
coolant at the joint between the cylinder block and cylinder
liner and a method of providing and replacing such seal.

BACKGROUND

Incorporation of replaceable cylinder liners in the design
of an internal combustion engine provides numerous advan-
tages to the manufacture and use of such an engine. In
addition to the obvious benefit of allowing such liners to be
replaced during overhaul of the engine without replacement
of the entire cylinder block, cylinder liners eliminate the
necessity to scrap the entire block during manufacture or use
should the inside surface of one cylinder be improperly
machined or otherwise damaged. Despite this and other
advantages, numerous problems attend the use of replace-
able cylinder liners as is exemplified by the great variety of
liner designs previously used by engine manufacturers.
Further, seals are prevalent throughout many diesel engine
platforms, or configurations, and it is often desirable, or
necessary, to maintain separation between fluids within the
engine and the environment. This is particularly the case
between combustion gasses within the cylinder liner and
coolant surrounding the cylinder liner. With conventional
cylinder liner configurations, a combustion gas seal is pro-
vided to prevent combustion gasses from passing from the
combustion chamber between the cylinder liner and cylinder
head. Should this seal fail, the combustion gasses may mix
with the coolant of the coolant jacket surrounding the
cylinder liner. A combustion gas seal of this type for
providing a combustion gas seal between the top surface of
the cylinder liner and the cylinder head is set forth in U.S.
Pat. No. 6,036,194 issued to Stamper and assigned to the
assignee of the subject invention.

Presently, both wet and dry type cylinder liners incorpo-
rate either a mid-stop arrangement wherein the cylinder liner
is substantially supported within the block mid-way along
the length of the cylinder liner or a top stop wherein the
cylinder liner is supported about an upper periphery thereof.
U.S. Pat. No. 3,403,661 discloses a liner design for use in an
engine block having a counter bore cylinder cavity wherein
the liner includes a radially outwardly extending flange
designed to be seated in the counter bore so that the liner
may be easily clamped into place by the engine cylinder
head. In order to provide for coolant flow around the liner,
a seal is provided between the engine block and a lower
portion of the liner spaced from the top flange. Due to
vibration and thermally induced size changes of the liner,
relative motion occurs in the seal area of a type which may
destroy conventionally known seals.
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It is known in the industry to employ mechanical means
to obtain a seal between the cylinder liner and cylinder block
to prevent the passage of coolant at the joint between the
cylinder block and the cylinder liner. One such approach is
set forth in U.S. Pat. No. 4,244,330 issued to Baugh et al.
and assigned to the assignee of the subject invention.
Therein, the cylinder liner for an internal combustion engine
includes a cylindrical hollow body having a press-fitted
upper end and a stop located intermediate the liner ends for
engaging an engine block liner stop to provide upper and
lower seals for a coolant passage. The outside surfaces of the
liner adjacent the press-fitted upper end and the stop are
formed to permit a settable plastic material to be used
between the liner and engine block to assist in forming the
coolant seal and to provide radial support of the cylinder
liner.

Similarly, U.S. Pat. No. 5,979,374 provides a replaceable
cylinder liner for a cylinder cavity within a cylinder block of
an internal combustion engine having a liner stop positioned
within the cavity at a point intermediate the extremes of
travel of a piston disposed for reciprocating travel within the
cylinder cavity. The liner includes a hollow cylinder body
having an inner end portion and an outer end portion with
the outer end portion having a piston engaging inside surface
for guiding the piston during travel and a top end face for
forming a combustion gas seal with an engine head. The
liner further includes a mechanism for reinforcing and
securing the liner in place within the cylinder cavity and for
resisting deforming forces resulting from fuel combustion
within the outer end portion and for compressively and
frictionally engaging an inside surface of the cylinder cavity
when pressed therein. The reinforcing and securing mecha-
nism includes an end boss adjacent an outer end of the outer
end portion, an outer diameter of such end boss being
slightly greater than an inside diameter of corresponding
portions of the cylinder cavity into which the end boss is
press fitted. The replaceable liner further includes a liner
support for axially supporting the hollow cylindrical body
within the cylinder cavity with the liner support including a
liner stop engaging surface for engaging the liner stop when
the liner is placed within the cylinder cavity.

At an outermost end of the outer end portion of the liner
is the end boss which is formed on an outer surface of the
liner for reinforcing and primarily for frictionally engaging
the inside surface of the cylinder cavity to form a coolant
seal and for resisting the deforming forces resulting from
fuel combustion within the hollow cylindrical body. Particu-
larly, the end boss prevents radial movement of the outer end
portion of the cylinder liner while permitting limited axial
movement of the outer end portion within the liner receiving
cavity by forming a radial press fit with the inside surface of
the liner receiving cavity by compressively and frictionally
engaging the inside surface of such cavity when pressed
therein. Formed in an outer surface of the end boss are one
or more recesses for receiving one or more o-ring type
sealing members which provide a coolant seal between the
end boss and the adjacent cylinder block. During routine
maintenance of in the event of an engine overhaul in order
to replace one or more of the o-ring type sealing members,
it is necessary to undertake the removal of each cylinder
liner to access the o-ring seal.

SUMMARY

This disclosure provides a cylinder liner sealing arrange-
ment for an internal combustion engine including a cylinder
block having cylinder bores, a cylinder head, a cylinder liner
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within each cylinder bore and a circumferential cut-out
formed in the upper and outer surfaces of the cylinder liner.
A sealing ring is positioned in the circumferential cut-out
with the sealing ring contacting at least the cylinder block
and the cylinder liner to form a coolant seal therebetween.
The sealing ring comprises a metallic core. In some embodi-
ments, the sealing ring includes a seal enhancing configu-
ration formed on at least an outer circumferential surface of
the sealing ring. The circumferential cut-out includes a first
sidewall formed in the cylindrical upper outer surface of the
cylinder liner and a radially extending bottom wall extend-
ing from the first side wall toward the cylinder block while
an upper inner surface of the cylinder bore forms a second
sidewall.

Replacing the cylinder liner seal includes removing the
cylinder head while maintaining the position of the cylinder
liner within the respective cylinder bore, removing an upper
liner seal from within a circumferential cut-out formed in the
cylinder liner while maintaining the position of the cylinder
liner within the cylinder bore, positioning a replacement
sealing ring in the circumferential cut-out while continuing
to maintain the position of the cylinder liner within the
cylinder bore and subsequently replacing and securing the
cylinder head on the cylinder block of the engine. When
positioning the a replacement sealing ring in the circumfer-
ential cut-out while maintaining the position of the cylinder
liner within the respective bore, contact of the replacement
cylinder liner seal with the first sidewall and the second
sidewall should be determined.

In some embodiments, the cylinder liner seal includes a
plurality of circumferentially extending ribs. The plurality of
circumferentially extending ribs may be formed in at least an
outer circumferential surface of the cylinder liner seal. The
plurality of ribs are positioned to be in contact with the
second sidewall.

In some embodiments, the cylinder liner seal is formed of
an elastomeric material. Exemplary elastomeric materials
include a high temperature coolant resistant elastomeric
material, tetrafluorethylene-propylene and peroxide cured
fluorocarbon.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of an engine head
assembly including the coolant seal;

FIG. 2 illustrates the upper liner seal alone;

FIG. 3 is a cross-sectional view of the upper liner seal
taken along line III-IIT of FIG. 2;

FIG. 4 is a top view of the engine block of the engine head
assembly having the engine head removed;

FIG. 5 is a cross-sectional view of the engine block of the
engine head assembly having the engine head removed;

FIG. 6 is a cross-sectional view of the engine block of the
engine head assembly having the engine head removed
including the upper liner seal in place;

FIG. 7 is a cross-sectional view of the engine block of the
engine head assembly having the upper liner seal in place
and the head positioned thereon;

FIG. 8 is a schematic view of the upper liner seal being
positioned during assembly;

FIG. 9 is a schematic view of the upper liner seal being
positioned during assembly;

FIG. 10 is a schematic view of the upper liner seal under
operating conditions;

FIG. 11 is a graphical illustration of the upper liner seal
installation compressive forces;
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FIG. 12 is a graphical illustration of the upper liner seal
sealing pressure at 70° F.;

FIG. 13 is a graphical illustration of the upper liner seal
sealing pressure at 450° F.;

FIG. 14 is a cross-sectional view of an alternative upper
liner sealing arrangement; and

FIG. 15 is an exploded view of the upper liner sealing
arrangement shown in FIG. 14.

DETAILED DESCRIPTION OF THE
INVENTION

As noted above, seals are often provided between respec-
tive cylinder liners and cylinder blocks in order to maintain
liner coolant provided between the cylinder liner and cyl-
inder block from passing between the cylinder liner and
cylinder block and mixing with combustion gases. These
seals are generally formed of an elastomer material which
over time may degrade to a point where it is necessary to
replace one or more of the liner seals provided at the
interface between the cylinder block and cylinder liner. In
doing so, respective cylinder liners are removed, the worn or
degraded liner seals removed from one or more circumfer-
ential grooves formed in an outer surface of the cylinder
liner, new liner seals are positioned in each of the respective
grooves and the cylinder liner is returned to and positioned
in the respective cylinder bore of the cylinder block. The
present inventors have determined that such a process is
cumbersome and inefficient from a cost perspective, results
in extensive down time in the operation of the engine and
oftentimes results in the liner seals being damaged when the
cylinder liners, including the new seals, are replaced in their
respective cylinder bore.

Currently, beads or graphite coatings are used to seal the
joint between the cylinder head and cylinder block of an
internal combustion engine. Particularly, one means for
achieving a more efficient system is to provide the cylinder
head gasket with a mechanism for providing a seal between
the coolant chamber formed between the cylinder block and
liner and the combustion chamber in order to prevent
mixture of the coolant and combustion gases; however, the
inventors have determined that such an overall sealing
arrangement fails to meet the need for maintaining the
coolant within the coolant chambers. This is particularly the
case with natural gas engines. With such engines, it has been
determined that there is a need to seal the block and liner
joint from potential leaks while having a cylinder head
gasket that is free to allow excess gases to escape during a
natural gas intake manifold over-pressurization event.
Therefore, the present inventors have recognized a need to
reduce the cost of replacing cylinder liner seals, reducing the
down time of the engine, minimizing inadvertent damage to
the cylinder liner seals during their replacement and permit-
ting the excess gases to escape from the cylinder head gasket
during a natural gas intake manifold over-pressurization
while preventing the mixture of such gases with the engine
coolant. The inventors have also found that it would be
beneficial to enable a technician to readily replace the
cylinder liner seals during routine maintenance when the
cylinder head is removed rather than wait until an actual leak
occurs, requiring an extensive overhaul of the engine.

With reference to FIG. 1, a portion of an internal com-
bustion engine 10 is illustrated and includes a cylinder head
12 which overlies a cylinder block 14 and a cylinder liner 16.
The cylinder liner 16 may include a scraper ring 18 in a
conventional manner. The cylinder block 14 includes a
plurality of cylinder bores 20 each of which receives a
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cylinder liner 16. Formed in both the cylinder head 12 and
the cylinder block 14 are coolant passages 22 and 24
respectively, with the coolant passage 24 leading to a coolant
chamber 26 which surrounds at least an upper portion of the
cylinder liner 16. The cylinder block 14 and liner 16 are
configured so as to permit the flow of coolant fluid about an
outer periphery of the cylinder liner 16 to ensure that the
cylinder liner 16 and cylinder block 14 are maintained
within desired operating temperatures.

Positioned between the cylinder block 14 and the cylinder
head 12 as well as between the cylinder liner 16 and the
cylinder head 12 is one or more head gaskets 28. The head
gasket 28 may be in the form of one continuous element or
in the form of several elements. Preferably the head gasket
is of a single element. This head gasket forms a combustion
gas seal between the cylinder head 12 and cylinder block 14
and the cylinder head 12 and the cylinder liner 16. The head
gasket 28 is generally provided to prevent gas and/or liquid
leakage during engine operation; however, it may be desired
to allow excess gases to escape during a natural gas intake
manifold over-pressurization event.

As illustrated in FIG. 1, a circumferential cut-out 30 is
formed in an upper surface 32 and a cylindrical side surface
34 of the cylinder liner 16. The circumferential cut-out 30
thus includes inner side wall 33 and a bottom wall 35. The
specific configuration of the circumferential cut-out 30 will
be explained in greater detail hereinbelow. Positioned within
the circumferential cut-out 30 is a seal 36 which provides for
an effective seal between the cylinder block 14 and the
cylinder liner 16. While the seal 36 may take on a variety of
configurations, the inventors have provided configurations
which have been determined to provide the requisite sealing
desired.

As illustrated in FIGS. 2 and 3, the seal is generally of a
ring configuration so as to conform approximately to the
outer dimension of the respective cylinder liner and the
circumferential cut-out formed therein. As particularly illus-
trated in FIG. 3, the ring seal is substantially in the form of
a “D” ring seal including substantially planar top and bottom
surfaces 38, 40 as well as a cylindrical inner surface 42.
Opposite the inner surface 42 is an arcuate outer surface 44,
which may include indents 46 extending about the periphery
of the “D” ring seal 36 which add to the structural stability
of the “D” ring seal. Further, given the structure of the “D”
ring seal, a technician can readily determine if the seal is
twisted upon assembly. The “D” ring seal is configured to be
of a thickness which is greater than the distance from the
inner sidewall 33 of the circumferential cut-out 30 and the
opposing surface 37 of the cylinder block 14, including any
chamfered surface of the block. In doing so, the “D” ring
seal 36 is squeezed into the circumferential cut-out 30 to
maintain its position therein. Therefore, the “D” ring seal 36
is essentially crushed by the cylinder liner 16 and the
cylinder block 14. The “D” ring seal 36 is generally not
loaded by the cylinder head 12 or the cylinder head gasket
28. Thus, the “D” ring seal 36 keeps coolant from weeping
upwards through the metal press fit between the cylinder
liner 16 and cylinder block 14 and also prevents combustion
gases or excess gases from a natural gas intake manifold
over-pressurization event from mixing with the coolant. In
doing so, possible corrosion of the cylinder block deck, as
well as the cylinder head gasket 28 due to persistent leakage
can be prevented. Also, and more importantly, pressurization
or potential contamination of the engine coolant can be
prevented.

Additionally, a possible outcome of an overpressure event
within the engine may result in the head gasket allowing
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excess gases to escape by being pushed out from between
the cylinder head and top of the liner. Shortly after this
event, the cylinder pressure stops, but the engine cooling
system retains pressure. This pressure difference may be
sufficient to move the liner top sealing ring 36 upwards
within the cut-out 30. Accordingly, to ensure that an
adequate seal is maintained, the location of the widest part
of'the “D” of the D-ring seal 36 is such that even if the liner
top sealing ring is pushed by coolant pressure all the way up
against an undersurface of the cylinder head 12, sealing
pressure between the liner and block bore is retained. This
avoids a hot pressurized coolant spill to the outside of the
engine. Therefore, it is preferred that the half-height of the
“D” ring seal 36 be larger than a thickness of the head
gasket, or space between the cylinder block 14 and cylinder
head 12, plus a vertical dimension of the larger of the block
or liner lead-in chamfers, referred to in detail hereinbelow.
In doing so, should the “D” ring seal 36 be displaced upward
in the event of over-pressurization, the top surface of the “D”
ring seal 36 will contact the undersurface of the cylinder
head 12 while the widest part of the “D” of the D-ring seal
36 maintains contact with the cylinder block 14, thereby
maintaining a sufficient seal between the cylinder block 14
and the cylinder liner 16.

The “D” ring seal 36 is formed of an elastomeric material
and preferably of a high temperature, coolant resistant
elastomeric material. Materials which are particularly suit-
able for this purpose are tetrafluorethylene-propylene and
peroxide cured fluorocarbon. Tetrafluorethylene-propylene
is resistant to temperatures in excess of 450° F., which is
higher than that of peroxide cured fluorocarbon; however,
such superiority comes at a cost. Therefore, in applications
where temperatures less than 400° F. are experienced, the
less expensive peroxide cured fluorocarbon is used.

As noted hereinabove, FIG. 4 generally illustrates a top
plan view of the cylinder block 14 and cylinder liner 16. The
cylinder block 14 includes various fluid paths as well as the
cylinder liners 16. Further, the cylinder liners 16 include the
scraper ring 18 and circumferential cut-out 30 as evidenced
from the top view.

With reference to FIGS. 5-7, one aspect of the present
invention will be explained in detail, namely, the replace-
ment of the cylinder liner seal 36. As illustrated in FIG. 5,
the cylinder head 12 and cylinder gasket 28 have been
removed. Once removed, the cylinder liner seal 36 is like-
wise removed while maintaining the positioning of the
cylinder liner 16 within the cylinder bore of the cylinder
block 14. Particularly, the method of replacing the cylinder
liner sealing arrangement includes removing the cylinder
head 12 and head gasket 28 (if necessary) from the cylinder
block 14 of the engine while maintaining the position of the
cylinder liner 16 within their respective cylinder bore
formed in the cylinder block 14. In that the cylinder liner has
a substantially cylindrical upper outer surface 34 and a
substantially planar top surface 32, the circumferential cut-
out 30 formed in the substantially cylindrical upper outer
surface 34 and the substantially planar top surface 32 of the
cylinder liner 14 is readily accessible. The cylinder liner seal
to be replaced is removed from within the circumferential
cut-out 30 while maintaining the position of the cylinder
liner 16 within the cylinder bore. Next, a replacement
cylinder liner seal 36 is positioned in the circumferential
cut-out 30, again while maintaining the position of the
cylinder liner 16 within the respective cylinder bore as
illustrated in FIG. 6. Following the positioning of the
replacement cylinder liner seal 36 in the circumferential
cut-out 30, the head gasket 28, if removed, is replaced and
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the cylinder head 12 is placed on the cylinder block 14 and
secured thereto as illustrated in FIG. 7.

As shown in FIGS. 4-6, the circumferential cut-out 30
includes chamfered circumferential upper edges. Upper cir-
cumferential edge 50 of the cylinder block 14 and upper
circumferential edge 52 of the cylinder liner are chamfered
away from one another to aid in the positioning of the
cylinder liner seal within the circumferential cut-out 30.
While the angle of the chamfer may vary, this angle is
generally on the order of 30° from the inner surface of the
circumferential cut-out and the inner surface of the bore of
the cylinder block 14. Further, the dimensioning of the
circumferential cut-out 30 and the cylinder seal 36 are
dependent on engine size and overall capacity. However, as
noted hereinabove, the cylinder liner seal 36 is of a greater
radial diameter than the circumferential cut-out 30 to ensure
the compression fit of the cylinder liner seal 36 between the
inner sidewall 33 circumferential cut-out and the opposing
surface 37 of the cylinder block 14.

While the foregoing discussion focuses on the replace-
ment of cylinder liner seal 36, FIGS. 8-10 illustrate the
initial positioning of the cylinder liner seal 36 within the
respective circumferential cut-out 30. During factory instal-
lation of the cylinder liner seal 36, the cylinder liner seal 36
is provided on the cylinder liner 16 and positioned in what
is to be the circumferential cut-out 30. The plurality of
cylinder liners 16 are placed in their respective bore within
the cylinder block 14 and the cylinder head 12 including a
head gasket is placed on and in contact with the respective
cylinder liners 16, as illustrated in FIG. 8. For purposes of
clarity, the head gasket is not illustrated in FIGS. 8-10.

As the cylinder head 12 is moved toward the cylinder
block 14 and the cylinder liner 16 including the cylinder
liner seal 36 are moved further into the cylinder bore,
contact pressures or sealing pressures are generated against
the cylinder liner seal 36 as illustrated in FIG. 9. These
pressures have been determined as being greatest at the
intersection of the bevels and the inner side wall 33 and the
opposing surface 37, regions 60 and 62 respectively. Further,
as graphically illustrated in FIG. 11, during the installation
at 70° F., as the cylinder liner seal 36 is squeezed within the
circumferential cut-out 30, compressive forces are
increased. Also, the sealing pressures generated during
installation at 70° F. are graphically illustrated in FIG. 12. At
operating temperatures of about 450° F. the sealing pressures
become greater as illustrated in FIG. 13. FIG. 10 illustrates
the seal in place during operating conditions of approxi-
mately 450° F. The minimum sealing pressure on the cyl-
inder liner 16 is experienced in the lowermost region 66 of
the cylinder liner seal 36.

As an alternative to the foregoing, FIGS. 14 and 15
illustrate a press in place cylinder liner sealing 110 which is
positioned around the top periphery of the removable cyl-
inder liner 116 received in the cylinder block 114 of an
internal combustion engine. The cylinder liner sealing ring
110 illustrated in detail in FIG. 15 is of an elastomeric
material 120 similar to that described above and having a
metallic core 124 encapsulated by and bonded to the elas-
tomeric material 120. The metallic core may be of any
suitable metal including but not limited to steel. The cylinder
liner seal is in the form of a ring and includes a plurality of
circumferentially extending ribs 128, 130 formed in one of
or both the inner and outer surfaces of the ring, respectively.
The metallic core is used to maintain the structural integrity
of the seal during the seals insertion as well as the seals use.

Particularly, the inclusion of the metallic core 124 in the
cylinder liner sealing ring 110 of FIGS. 14 and 15, provides
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increased robustness against the possibility of a hot pres-
surized coolant spill to the outside of the engine. Specifi-
cally, if the head gasket is compromised by an overpressure
event, it is generally only compromised in local areas about
an upper portion of the cylinder liner. In the case of an
all-rubber liner top sealing ring, this local loss of the head
gasket may allow the liner top sealing ring in that area to
move up against the cylinder head possibly resulting in a
leakage of coolant outside the engine. With the inclusion of
the metallic core 124 in the cylinder liner sealing ring 110,
the continuing presence of the head gasket around the
majority of the circumference of the top of the cylinder liner
116 serves to hold the entire metal-cored cylinder liner
sealing ring 110 in its intended location in that the metal core
has sufficient stiffness to hold down the cylinder liner sealing
ring 110 against coolant pressures, even in areas that are no
longer covered by the head gasket, thereby preventing
movement of the cylinder liner sealing ring 110 and any
leakage of coolant outside of the engine.

As noted, the cylinder liner seal has several commercial
and strategic advantages including improved service event
intervals by allowing the seal to be replaced when a head
gasket is replaced, thus preventing the need to remove the
cylinder liners to replace a radial o-ring seal when used.
Further, greater flexibility in head gasket material is realized
it that there is no longer a need for creating a micro-seal.

While the invention has been described by reference to
various specific embodiments it should be understood that
numerous changes may be made within the spirit and scope
of the inventive concepts described, accordingly, it is
intended that the invention not be limited to the described
embodiments but will have full scope defined by the lan-
guage of the following claims.

What is claimed is:

1. A cylinder liner sealing arrangement for an internal
combustion engine, comprising:

a cylinder block including a cylinder bore, the cylinder

bore having an upper bore inner surface;

a cylinder head, the cylinder head being rigidly attached
to the cylinder block;

a cylinder liner within the cylinder bore, the cylinder liner
having a cylindrical upper outer surface and a planar
top surface;

a circumferential cut-out having a first sidewall and a
bottom wall extending from the first sidewall toward a
joint between the upper bore inner surface and the
cylindrical upper outer surface of the cylinder liner,
wherein an upper portion of the first side wall is
beveled; and

an upper liner seal positioned in the circumferential
cut-out, the upper liner seal forming a coolant seal
between the cylinder block and the cylinder liner.

2. The cylinder liner sealing arrangement of claim 1, the
upper liner seal including a metallic core, wherein the
metallic core is encapsulated by and bonded to an elasto-
meric material.

3. The cylinder liner sealing arrangement of claim 1,
wherein the upper liner seal comprises an upper surface and
a lower surface and a widest portion intermediate the upper
surface and the lower surface, the widest portion configured
to contact the cut-out below the beveled upper portion of the
first sidewall to ensure the coolant seal is maintained even if
the upper liner seal is pushed against an undersurface of the
cylinder head by a fluid pressure.

4. The cylinder liner sealing arrangement of claim 1,
wherein the upper liner seal comprises an elastomeric mate-
rial.
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5. The cylinder liner sealing arrangement of claim 4,
wherein the elastomeric material is a high temperature
coolant resistant elastomeric material.

6. The cylinder liner sealing arrangement of claim 4,

wherein the upper liner seal comprises at least one of 5

tetrafluorethylene-propylene and peroxide cured fluorocar-
bon.

7. The cylinder liner sealing arrangement of claim 1, the
upper liner seal comprising a plurality of circumferentially
extending ribs.

8. The cylinder liner sealing arrangement of claim 7,
wherein the plurality of circumferentially extending ribs are
formed in at least an outer circumferential surface of the
upper liner seal.

9. The cylinder liner sealing arrangement of claim 7,
wherein the plurality of circumferentially extending ribs are
formed in an inner circumferential surface of the upper liner
seal.

10. A method of replacing a cylinder liner sealing arrange-
ment in an internal combustion engine, comprising:

removing a cylinder head from a cylinder block of the

engine, the cylinder block having at least one cylinder
bore;

removing a head gasket from the cylinder block of the

engine;

maintaining a position of a cylinder liner within the at

least one cylinder bore formed in the cylinder block, the
cylinder liner having a cylindrical upper outer surface
and a planar top;
removing an upper liner seal from within a circumferen-
tial cut-out while maintaining the position of the cyl-
inder liner within the at least one cylinder bore;

positioning a replacement upper liner seal in the circum-
ferential cut-out while maintaining the position of the
cylinder liner within the at least one cylinder bore, the
circumferential cut-out and the upper liner seal forming
a coolant seal between the cylinder block and the
cylinder liner; and

replacing the cylinder head on the cylinder block of the

engine.

11. The method of replacing a cylinder liner sealing
arrangement according to claim 10,

wherein the circumferential cut-out includes a first side-

wall formed in the cylindrical upper outer surface of the
cylinder liner and a radially extending bottom wall
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extending from the first side wall toward the cylinder
block and an upper inner surface of the at least one bore
forms a second sidewall; and

wherein the positioning of a replacement upper liner seal
in the circumferential cut-out while maintaining the
position of the cylinder liner within the at least one
cylinder bore includes ensuring contact of the replace-
ment upper liner seal with the first sidewall and the
second sidewall.

12. The method of replacing a cylinder liner sealing
arrangement according to claim 10, wherein at least one of
the upper liner seal and the replacement upper liner seal
comprises a plurality of circumferentially extending ribs.

13. The method of replacing a cylinder liner sealing
arrangement according to claim 12, wherein the plurality of
circumferentially extending ribs are formed in at least an
outer circumferential surface of the at least one of the upper
liner seal and the replacement upper liner seal, the plurality
of circumferentially extending ribs being positioned in con-
tact with the cylinder block.

14. The method of replacing a cylinder liner sealing
arrangement according to claim 10, wherein at least one of
the upper liner seal and the replacement upper liner seal
comprises a metallic core.

15. The method of replacing a cylinder liner sealing
arrangement according to claim 10, wherein the circumfer-
ential cut-out comprises a beveled upper edge, and wherein
the upper liner seal comprises an upper surface and a lower
surface and a widest portion intermediate the upper surface
and the lower surface, and the widest portion is configured
to contact the cylinder block and the cylinder liner to ensure
the coolant seal is maintained even if the upper liner seal is
pushed against an undersurface of the cylinder head by a
fluid pressure.

16. The method of replacing a cylinder liner sealing
arrangement according to claim 10, wherein the circumfer-
ential cut-out has a first sidewall and a bottom wall extend-
ing from the first sidewall toward a joint between the
cylinder bore and the cylindrical upper outer surface of the
cylinder liner, and wherein an upper portion of the first side
wall is beveled.



